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EgyptAbstract The coast of Alexandria has been subjected to successive engineering alterations since
1998. Such alterations have affected the topography of the coast as well as the water quality, the
phytoplankton productivity and diversity. In 1998 protective wave breakers were built in order
to reduce erosion and create new beaches. This resulted in the formation of relatively large semi-
closed, shallow lagoons. Due to their shallow depth and the partial stagnation of their waters, these
lagoons became a suitable environment for algal blooms. Corrective measures were then taken
around 2010 to reduce the harmful effects caused by the previous coastal modiﬁcations.
The phytoplankton composition and its standing crop became totally different during the two
periods. The most important bloom was caused by Micromonas pusilla forming a heavy green tide
accompanied by a bloom of Peridinium quinquecorne. Although there were no ﬁsh or invertebrate
mortality, this bloom caused economic losses to internal tourism. In the absence of any Environ-
mental Assessment, the coastal engineering works increased the harmful algal blooms in Alexandria
coastal waters, even after corrective steps were taken to mitigate the harmful effects.
ª 2014 Hosting by Elsevier B.V. on behalf of National Institute of Oceanography and Fisheries.Introduction
Coastal areas are remarkably dynamic environments rich in
natural resources, biological diversity and with high potential
for all kind of commercial activities. The rising pressure over
the coastal zone at the global level has been broadly dealt with
the scientiﬁc literature (UNEP, 1991). The junction of multiple
interests, such as ﬁsheries, tourism, ports and industrial activ-
ities makes these areas the most populated in the world,
demanding efforts of protection of the productivity and qual-ity of the coastal resources and human health of coastal com-
munities (Tagliani et al., 2003).
Alexandria coasts are certainly areas where both human
activities and environmental pressures are at maximum.
Erosion and deposition of solid materials by the action of
water movement are continuous processes along the shoreline.
As a result, beaches had to be protected since 1934 in order to
prevent further erosion and to provide new recreational bea-
ches (El-Wakeel et al., 1980). A series of groins and detached
breakwaters were built during the last two decades to mitigate
hot spot beach erosion. At a later stage the coastal area of
Alexandria was subjected to further coastal engineering works
which affected not only the topography of the area but also the
water quality, productivity and phytoplankton communities of
the coastal area. As a later stage, it soon appeared that correc-
126 A.A. Ismaeltive measures have to be taken to mitigate the negative impacts
of the coastal works which had been carried out. Three phases
therefore have to be distinguished (Report of Engineering Cen-
ter-Faculty of Engineering, Alexandria University, personal
communication).
Phase (1): 1998–2003 (Fig. 1a)
A series of groins and detached breakwaters were built perpen-
dicular to the coastline.
But these structures soon proved to be ineffective in pre-
venting beach erosion.
Phase (2): 2003–2007 (Fig. 1b)
T-shaped breakwaters were built extending for 400 m paral-
lel to the coast in front of El-Mandara (Stations 1 &
2)120 m offshore, all structures being 3 meters in elevation
above the sea level. Several artiﬁcial beach nourishment pro-
jects were also carried out with the addition of no less than
250cu.m sand per meter length. In addition, groins perpen-
dicular to the beach and protective wave breakers were also
built. As a result, relatively large semi-closed shallow
lagoons about 3 m depth for swimming and recreation were
created (Ismael and Halim, 2008).
Phase (3): Corrective works after 2007 (Fig. 1c)
After completing the second phase of coastal engineering, it
appeared that wave action causes strong erosion in front of
El-Mandara (Stations 1 & 2) and that erosion extended to
the Corniche (the sea front) wall in the unprotected segments.
Following the recommendations of the Organization for plan-
ning of the Alexandria region, all breakwaters were submerged
below the sea level. This change led to minimizing the impact
on marine life, erosion and sedimentation.
At any given time and place, the degree of diversity and
amount of biomass in a natural assemblage of phytoplank-
ton represent a balance among numerous environmental fac-
tors including irradiance, temperature, salinity, grazing and
nutrient input. When these factors undergo rapid change,
the new conditions may be favorable to some species and
unfavorable to others. Shifts within the plankton assemblage
may be gradual, occurring over the course of several weeks
or can sometimes occur within just a few days (Sommer
et al., 1993).
The aim of the present study is to investigate the impact of
successive coastal engineering processes on the phytoplankton
community from Miami to El-Mandara during the two phases
of modiﬁcations (2007 & 2011) to complete the work of Ismael
and Halim (2008).Figure 1 Coastal engineering and station position during the
three phases. (A) phase 1 (1998–2003), (B) phase 2 (2003–2007),
(C): phase 3 (after 2007).Material and methods
Sample collection
All samples were collected during the period from 26 June to
15 September 2007 and from 16 June to 17 August 2011 from
Miami Beach (St. 4), El Asafra (St. 3) to El-Mandarah (St. 1
and 2) along about 3.75 km of the coast (Fig. 1).Environmental parameters
Salinity, temperature and pH were measured in situ using
HANA instruments; salintest model HI 98203 and pH-C
model HI 98127. In addition, one liter of water sample from
Table 1 Range of environmental parameters recorded during
the three phases of coastal engineering (phase 1 after Egyptian
Environmental Affair Agency, 2003 and El-Sakka and El Soud,
2007, phase 2 after Ismael and Halim, 2008, phase 3 present
study).
Parameter Phase 1 Phase 2 Phase 3
Salinity (SPU) 37.8–39.2 37–39.6 37.8–39.5
Temperature (C) 26.6–30.2 26.5–30 26.1–31.2
pH 7.64–8.34 8.1–8.6 8.1–8.7
Nitrate (lmol l1) 0.32–2.56 3.43–22.37 3.47–12.67
Nitrite (lmol l1) 0.01–0.03 0.35–1.91 0.82–1.91
Phosphate (lmol l1) 0.03–0.04 1.66–2.89 0.68–2.4
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Nitrate, nitrite and dissolved phosphate were measured accord-
ing to Standard Methods (APHA-AWWA-WPCF, 1980).
Plankton samples
One liter of water sample was collected from each site of the
study area. All samples were examined in vivo, then preserved
in 4% formalin, left to sediment, and counted using an
inverted microscope (Utermo¨hl, 1958) and Olympus binocular
microscope.Table 2 Potentially harmful species and their range of abundance
Harmful species
Cyanophyta
Oscillatoria acutissima Kuﬀerath
Phormidium nigroviridis (Thwaites ex Gomont) Anagnostidis & Koma´rek
Diatoms
Asterionellopsis glacialis (Castracane) Round
Bacillaria paxillifera (Mu¨ller) Marsson
Bellerochea horologicalis Stosch
Cyclotella meneghiniana Ku¨tzing
Cylindrotheca closterium (Ehrenberg) Reimann & Lewin
Leptocylindrus minimus Gran
Melosira nummuloides Agardh
Pseudonitzschia spp.
Skeletonema costatum (Greville) Cleve
Dinoﬂagellates
Alexandrium sp.
Amphidinium klebsii Kofoid & Swezy
Lingulodinium polyedrum (Stein) Dodge
Ostreopsis sp.
Peridinium quinquecorne Abe´
Prorocentrum lima (Ehrenberg) Stein
Prorocentrum micans Ehrenberg
Prorocentrum minimum (Pavillard) Schiller
Scrippsiella trochoidea (Stein) Balech ex Loeblich III
Euglenophytes
Euglena sp.
Eutreptia sp.
Prasinophytes
Micromonas pusilla (Butcher) Manton & ParkeResults and discussion
Water quality
The results of water quality are summarized in table (1). Com-
parison between the pH, salinity and temperature during the
three phases showed that there are no signiﬁcant variations
between them. The pH values are on the alkaline side ranging
from 7.6 to 8.7, which fall within the normal range of sea
water. Salinity ranged from 37 to 39.6 spu at all phases. A
lower salinity (Ismael and Halim, 2008) was recorded during
phase (2). Temperature in the three phases ranged from 26.1
to 31.2 C, the maximum temperature was recorded during
phase (3).
On the other hand, nutrient concentrations showed remark-
able differences between the three phases (Table 1). The lowest
nitrate concentrations were recorded during phase (1), ranging
from 0.32 to 2.56 lmol1. A remarkable increase in nitrate was
detected during phase (2), ranging from 3.43 to 22.37 lmol1.
The highest concentrations were recorded at station (4), while
the lower concentration was recorded at station (1). At phase
(3), nitrate concentration began to decrease as the rate of
exchange with the open sea is expected to have increased. It
ranged from 3.47 to 12.67 lmol1. Although the nitrate con-
centrations were less than during phase (2), station (4) was still
characterized by its highest nitrate values.during the two phases cells l1 · 103. NR= not recorded.
Phase 2 (2003–2007) Phase 3 (after 2007)
0.17–806 0.18–0.64
0.26–1 0.17–0.4
0.11–82.4 NR
0.13–2.3 0.17–5.9
0.15–4020 0.12–6.2
0.15–27.4 0.16–0.54
0.15–300 NR
0.15–15.3 NR
0.54–23.8 1.9–2.1
0.17–1702 0.4
0.12–63 NR
0.26–0.8 0.17–4.95
0.42–99.6 NR
0.17–0.31 NR
NR 0.15–41.8
0.51–9909 0.17–2985
0.11–9.1 0.12–0.25
0.14–18.3 0.44
0.27–2.2 0.18–6.1
0.13–91.5 0.16–8
0.15–0.45 0.17–13.9
0.27–2465 0.36–13.9
1.7–21792 0.54–905
128 A.A. IsmaelPhosphate concentrations showed the same trend as nitrate.
Phosphate concentrationwas very low during phase (1), ranging
from 0.03 to 0.04 lmol1. It increased to reach 2.89 lmol1
during phase (2) and decreased again at phase (3) with a maxi-
mum concentration of 2.4 lmol1 (Table 1). Nitrite concentra-
tionwas lowduring phase (1), ranging from0.01 to 0.03 lmol1,
and increased during phases (2) and (3) until reaching
1.94 lmol1.
During phase (2), therefore higher nutrient concentrations
and lower salinity values were recorded at the semi-closed
areas (Sts. 1 and 4).
Phytoplankton community
Phase (1)
Information concerning phytoplankton community and distri-
bution during this phase is completely absent. The monitoring0
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Figure 2 Total phytoplankton abundance (cells l1 · 10program (CWMP) established in 1999 by the Egyptian Envi-
ronmental Affair Agency (EEAA) and the Danish Interna-
tional Development Assistance (DANIDA) demonstrated
that the public beaches of Alexandria were ‘‘clean and unpol-
luted’’ (Egyptian Environmental Affair Agency, 2003). The
measurement of eutrophication parameters reﬂected oligo-
trophic conditions in this area (El-Sakka and El Soud, 2007).
Phase (2)
This phase was characterized by phytoplankton blooms as the
nutrient concentrations were high and the lagoons become
semi-stagnant. With increasing temperature during summer,
these artiﬁcial lagoons became a suitable environment for algal
blooms. Eighty-eight species were recorded belonging to 6
groups; bacillariophyta, dinophyta, cyanophyta, eugleno-
phyta, chrysophyta and prasinophyta. Among them 23 species
are known to be potentially harmful (Table 2). These species14
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Figure 3 Total abundance (cells l1 · 106) of (a) Micromonas pusilla (b) Peridinium quinquecorne during phase 2 (2003–2007).
Coastal engineering and Harmful Algal Blooms along Alexandria coast 129are responsible for blooms at all stations during this phase.
The phytoplankton abundance during this phase ranged from
14 · 103 to 31.7 · 106 cell l1 (Fig. 2A). The density of the
blooms was governed by the rate of exchange with the open
sea. It seems to be that lagoons with only one outlet to the
sea were outstanding in their bloom density, in contrast with
lagoons with more than one opening. The two openings in St
2 and 3 allowed the exchange of water and as a result the phy-
toplankton standing crop decreased.
This phase was characterized by:
(a) The ﬁrst record of Micromonas pusilla (Figs. 3a, 4a)
in Alexandria waters forming a green tide, with a
maximum standing crop reaching 21.7 · 106 cell l1 at
station (4).
(b) The presence of Peridinium quinquecorne (Figs. 3b, 4b)
in the study area forming 4 blooms; 1.1 · 106,
1.8 · 106, 9.8 · 106 cell l1at Sts. 1, 3 and 4, respectively
with a maximum density of 9.9 · 106 cell l1 at St. 4.
According to previous studies (Hassan, 1972; Ismael,
1993) the species was restricted to the Eastern Harbourwest to this area with cysts of the species recorded from
the harbor sediment (Ismael et al., 2014). It is the ﬁrst
record of this species in the open waters of Alexandria.
This may be due to the transport of sediment with the
species cyst to the area during this phase by the eastward
currents (Ismael, unpublished data).
(c) The blooms of Micromonas pusilla were always accom-
panied with the blooms of Peridinium quinquicorne.
(d) Other dominant species were; Pseudonitzschia spp.,
Bellerochea horologicalis, Oscillatoria acutissima and
Eutreptia sp.
(e) The continuous coastal alterations in the area lead to an
increase in the potentially harmful algal species along
the Egyptian Mediterranean coast from 29 species to
38 species (Ismael and Halim, 2009).
The vital Egyptian industry that is vulnerable to harmful
algal blooms is the internal tourism. Historically, the bathing
beaches and numerous cultural attractions in the Alexandria
region have drawn over one million visitors each year
(Agrawala et al., 2004). Although the coastal engineering
Figure 4 SEM (A) Micromonas pusilla (B) Peridinium
quinquecorne.
130 A.A. Ismaelworks in this phase were done to protect the beaches and
encourage tourism, the effect was opposite. These artiﬁcial
lagoons became subjected to different water quality problems
leading not only to economic losses to the internal tourism sec-
tor, but also to human health threat from intake of pathogenic
micro-organisms (bacteria and harmful dinoﬂagellates); direct
contact with polluted sea water and beach sand; and consump-
tion of seafood contaminated by toxic dinoﬂagellates,
especially bioaccumulating organisms such as ﬁlter feeders
(El-Sakka and El Soud, 2007; Ismael and Halim, 2008).
After 2007, the regional authority launched an innovative
policy, aimed at reducing the harmful effects caused by the
previous coastal modiﬁcations along an area of about 3.75 km.
Phase (3)
This phase was characterized by the remarkable decrease in
phytoplankton abundance and richness. The phytoplankton
richness decreased to 55 species and the potentially harmful
species decreased to 17 species (Table 2). The phytoplanktonstanding crop ranged from 1.4 · 103 to 2.99 · 106 cell l1
(Fig. 2B), the decrease in abundance accompanied the decrease
in nutrient concentrations.
In addition, Asterionellopsis glacialis, Cylindrotheca closte-
rium, Leptocylindrus minimus, Skeletonema costatum, Amphid-
inium klebsii and Lingulodinium polyedrum became completely
absent (Table 2). During this phase, Station (4) was the only
station that supported phytoplankton blooms especially;
Micromonas pusilla and Peridinium quinquecorne. The number
of blooms dropped to three times only and their maximum
abundance decreased to 0.905 · 106 cell l1 and 2.98 · 106
cell l1, respectively. Although this phase was characterized
by a reduced number of harmful species, Peridinium quinque-
corne became higher in abundance than Micromonas pusilla
presumably as its cysts became well established in the area
(Ismael, unpublished data).
Comparison between phases (2) and (3) showed that,
Micromonas pusilla formed a green tide with 3 blooms;
9.39 · 106, 3.53 · 106 at St 1 and 21.8 · 106 at St 4 during
phase (2), but dropped to one bloom (905 · 103 cell l1) during
phase (3) recorded at St (4). In addition Pseudonitzschia spp.
dominated in mid-September 2007 at St (1) with a maximum
abundance of 1.7 · 106 cell l1, was recorded only once at St.
(1) with a much lower abundance (400 cell l1) during phase
(3).
Conclusions
A major problem along Alexandria shoreline is beach erosion
(El-Wakeel et al., 1980). Accordingly, the coast was subjected
to coastal engineering modiﬁcations in order to reduce erosion
and establish new recreational beaches (phases 1 and 2). The
coastal modiﬁcations were done without preliminary impact
assessment and lead to negative effects. Semi closed artiﬁcial
lagoons were established and a green tide was formed for the
ﬁrst time along these lagoons due to their shallowness and
increase in nutrient concentrations. Corrective measures had
to be taken to mitigate the negative effects which appeared
after phases 1 and 2.
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